Cat. No. 28-147 


OWNER’S MANUAL 


Please read before using this kit. 


60-IN-ONE BLOCK-TYPE ELECTRONIC LAB 




INIKUUUUIIUN 


Your Radio Shack 60-in-One Block-Type Electronic Lab lets you com- 
plete 60 fun and interesting experiments using the provided blocks and 
parts. Unlike other electronic kits, you do not need to wire or solder com- 
ponents — you simply follow the instructions and arrange the blocks. You 
create radios, test equipment, lie detectors, telegraphs, and other inter- 
esting devices. As you do the experiments, you will learn about the princi- 
ples of electronics. 

Before you begin the experiments, please be sure to read all of the intro- 
ductory sections. These sections have important safety information and 
explain the terms and provide the instructions you need to get started. 

We recommend that you try the experiments in the order they appear in 
this manual because each one builds on something you learned in an 
earlier experiment. 


When you are ready to begin experimenting, first read the complete 
instructions and diagrams for each experiment, and then follow them 
carefully. If you do not build an experiment correctly, you might damage 
the blocks. 

Note: You need four AA batteries to power the kit. We recommend alka- 
line batteries, such as Radio Shack Cat. No. 23-552. 

IMPORTANT: For your safety, this kit’s oniy power source is 
the batteries. NEVER PLUG THE ANTENNA WIRE, TEST, OR 
EARPHONE PADDLE LEADS INTO AN AC OUTLET OR TRY 
TO POWER THE KIT FROM AN AC OUTLET. This is 
extremeiy dangerous and can cause eiectric shock. 
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KAK I b lUbN I IhlUAI lUN 


volume — controls the speaker volume In 1C 
amplifier experiments. Turn the dial toward min 
Earphone holder (o decrease the volume and toward max to 

Increase the volume. Also acts as a variable 
resistor. 


tuning dial — lets you tune to radio 
stations In radio experiments. Also 
acts as a variable capacitor In some 
experiments. 


power switch — switches power 
on/off from the batteries to the 
blocks. 


+B PWR — location where you con- 
nect the circuit to the power supply’s 
+ terminal. 


Illustrates the kit’s built-in antenna 
circuit. 


vendor’s line drawing 


Buiit-in Speaker — lets you hear 
the sound in 1C amplifier experi- 
ments. If you look through the vent 
on the back of the kit, you can see 
where the 1C (Integrated Circuit) 
chip is connected to the speaker. 


Locations where a circuit connects 
to the 1C amplifier. 


+A PWR — location where you 
connect the circuit to the power 
supply’s + terminal. 


GND — location where you 
connect the circuit to the 
power supply’s negative (-) 

Spaces where you position the terminal, 

blocks. 
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AUUtbbUKItb 






INblALLINU bAI I bKIbb 


Your kit is powered by four AA batteries (not suppiied). We recommend 2. Instaii four AA batteries, foiiowing the poiarity symbois (+ and -) 
aikaiine batteries, such as Radio Shack Cat. No. 23-552. marked inside the compartment. 

IMPORTANT: For your safety, this kit’s oniy power source is 
the batteries. NEVER PLUG THE ANTENNA WIRE, TEST, OR 
EARPHONE PADDLE LEADS INTO AN AC OUTLET OR TRY 
TO POWER THE KIT FROM AN AC OUTLET. This is extremeiy 
dangerous and can cause eiectric shock. 

Foiiow these steps to instaii batteries in the kit. 

1. Remove the battery compartment cover on the back of the kit by 
siiding it in the direction of the arrow. 


vendor’s 

iiius 

3. Repiace the battery compartment cover. 

Battery Tips: 

• if you wiii not use the kit for a iong time, remove the batteries before 
you store it. 

• If the kit does not operate properly, replace all four batteries. 

• Always replace old or weak batteries. They can leak chemicals that 
can damage the kit. 


Warning: Be sure to load the batteries correctly. Loading them 
incorrectly could damage the kit’s built-in IC amplifier. 

vendor’s iiius 
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I tKMb ANU bYMbULb 


WHAT IS “ELECTRICITY”? 

Everything electronic — calculators, radios, TVs, computers, test equip- 
ment, and other common devices — operates because of a tiny, nearly 
invisible particle: the electron. 

All matter is composed of atoms, and atoms are composed of protons, 
electrons, and neutrons. Matter itself can hold one of two types of 
charges: positive or negative. If it holds no charge, it is said to be “neu- 
tral.” When an object is positively charged, it has more protons than elec- 
trons. An object that is negatively charged has more electrons than 
protons. An object that is neutral contains an equal number of protons 
and electrons. 

When electrons are orbiting around a positively charged group of pro- 
tons, they remain in a relatively neutral state. But if this relationship is dis- 
turbed by any number of different influences (chemical action, heat, 
magnetism, and so on) the electrons are set into motion, creating the flow 
of electrons that is electricity. 

In many respects, a flow of electrons is like flowing water. There must be 
something that provides the flow of electrons, just like a pump causes 
water to move. Also, like a stream of water, electricity has a force or 
strength to its flow, which is called voltage and is measured in volts. The 
speed with which water moves is referred to as current, and current also 
describes the rate at which electrons move. 

WHAT IS AN ELECTRICAL CIRCUIT? 

A flow of electrons by itself cannot really do much. Electricity must be har- 
nessed so it can be put to work. That is the purpose of a circuit. 

A complete circuit consists of a power source, a load (a device that is to 
be operated by the source), and a pathway that connects them together. 
In electronics, special schematic diagrams with symbols show how the 
electrical components in a circuit work together (see “Electronic Symbols 
and Functions”). Each experiment in this book includes a schematic dia- 
gram, as well as an illustration that shows you how to arrange the blocks 
to create the circuit. 


GLOSSARY 

Here are some electronic terms that will be helpful to understand when 
you do the experiments. 

Ampere (Amp) — a unit that measures the amount of a steady flow of 
current. In most of the experiments, current is measured in milliamps 
(mA), or one one-thousandth of an amp. 

Amplifier — an electronic device that amplifies or increases the strength 
of a voltage or current. 

Antenna — a length of metal for sending and receiving electromagnetic 
waves. 

Base — it acts like a control valve on a transistor; it controls how much 
current flows between the emitter and the collector. 

Bias — the specific voltage applied to an electrode. 

Capacitor — an electric circuit element used to temporarily store a 
charge. 

Circuit — the path of electrically connected components that a current 
follows. 

Coil — a wound spiral of insulated wire within a circuit. 

Collector — the transistor terminal to which the circuit load is usually 
connected. 

Conductor — a material or device that allows an electric current to pass 
through it. 

Current — the flow of an electric charge. 

Diode — device that restricts the flow of electric current to one direction. 

Electromagnet — a magnet created by a current flowing through a coil. 

Emitter — the transistor terminal to which the electron source is usually 
connected. 

Fixed Bias — when the base current in a transistor-amplifier circuit 
comes from the power supply. 
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Frequency — the number of complete cycles of alternating current, volt- 
age, electromagnetic, or sound pressure waves that occur within a given 
period of time. 

Germanium — a type of semiconductive material. 

Inductance — the reaction of a coil to magnetic energy. As a magnetic 
field moves through a coil, voltage is induced within it. 

Microphone — an instrument that converts sound into an electric cur- 
rent, so it can be fed into a recorder, amplifier, or transmitter. 

Negative — an electric charge that has the same sign as an electron, 
designated by -. 

Nonconductor (or Insulator) — a substance that does not allow an 
electric current to pass through it. 

Oscillate — the varying motion of electrons in an electric current. 

Ohm — a unit of electrical resistance equal to that of a conductor in 
which a current of one ampere is produced by a force of one volt across 
its terminals. The symbol for ohm is O. 

Ohm’s Law — the equation that describes the relationship between volt- 
age, current, and resistance in a circuit. The equation can be stated in 
relation to any of the elements. 

V = I X R (Voltage = Current x Resistance) 

I = _V Voltage , 

R (Current = Resistance ^ 

R = ^ (Resistance = ) 

' Current 

Positive — an electric charge that has the opposite sign of an electron, 
designated by -h. 

Radio — the use of electromagnetic waves within a certain frequency 
range to transmit or receive electric signals, instead of using wires to con- 
nect the transmission and reception points. 

Resistance — the opposition to an electric current. 

Resistor — an element in an electric circuit that provides resistance. 
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Self-Bias — when the base current in a transistor-amplifier circuit is sup- 
plied from the collector, making the amount of current self-stabilizing. 

Silicon — a type of semiconductor material. 

Semiconductor — a crystalline material that has more electrical con- 
ductivity than an insulator but less than a good conductor (such as 
metal). 

Signal — a varying electric quantity, such as a voltage or current, the 
variations of which represent coded information. 

Switch — something that connects, disconnects, or diverts an electric 
current. 

Transformer — a device used to transfer electric energy, usually that of 
an alternating current, from one circuit to another. It is also used to 
increase or decrease a voltage. 

Transistor — a semiconductor device used for amplification, switching, 
and detection. It usually consists of three terminals (base, collector, and 
emitter) and operates so the current between the base and emitter con- 
trols the current between the emitter and collector. 

Transmit — to send a signal, as by wire or radio. 

Volt — a unit used to measure electric force. The symbol for voltage is V. 
It is sometimes referred to as E for “electromagnetic force.” 



ELECTRONIC SYMBOLS AND FUNCTIONS 

Your kit’s blocks are marked with electronic symbols that show their general purpose. If this is your first experience with electronics, you probably 
don’t know a resistor from a transistor. If so, don’t worry — the following chart shows the electronic symbol used in the circuit diagrams and also how 
the parts are marked on the blocks/kit. 


Electronic Symbol 


Blocks/Labeling on Kit/Accessory 


+B PWR 




+A PWR 
-OUT 


Name/Function 


Battery. The battery is the power source. 



Transistor. The working part of a transistor is a tiny chip (made of either germanium or silicon). 
Transistors are used to amplify weak signals. They are also used as switches to connect or discon- 
nect other components and as oscillators to allow signals to flow in pulses. Each transistor has 
three connection points: B (Base), C (Collector), and E (Emitter). A transistor can be either PNP 
(positive, negative, positive) or NPN (negative, positive, negative). 

Note: This kit does not have PNP transistors. 


1 M \ /4.7K^ /10 




Capacitor 


Electrolytic Capacitor 


Variable Capacitor 


o.,oK\ /t). 





0.0^ f /100P 



Resistor. A resistor resists the flow of electricity. They are very useful in supplying the desired volt- 
ages to other electronic components. 

The resistance of a resistor is measured in ohms. The relationship between the current, voltage, 
and resistance is referred to as Ohm’s Law. See the glossary for a definition of Ohm’s Law and the 
equations that express it. 

Capacitor. Capacitors pass alternating current (AC) signals while blocking direct current (DC) sig- 
nals. They can also store electricity or act as filters to smooth out pulsating signals. 

The farad (F) is the unit used to measure the capacitance of a capacitor. A microfarad (pF) is equal 
to one-millionth of a farad, and a picofarad (pF) is equal to one-trillionth of a farad. Numbers on top 
of the electronic blocks, such as 100 P and 0.05, stand for 100 pF (100 picofarads) and 0.05)xF 
(0.05 microfarads), respectively. 
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Electronic Symbol 


Blocks/Labeling on Kit/Accessory 
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Name/Function 

Coil. Coils are used in many circuits to limit or suppress fluctuating (varying) signals while 
passing on a steady current. Some of the energy in the field around a coil can be induced 
(transferred) into a second, nearby coil. This is how a transformer works. A coil is also referred 
to as an inductor. 

The electromagnetic unit used to measure the inductance of a coil is a Henry (H). A miiiihenry 
(mH) is equal to one-thousandth of a Henry. The coils used in your electronic blocks are about 
4mH. 

Transformer. A transformer is two coils that share the same magnetic field. Transformers 
have an important job — they help electronic circuits “get along” with each other by “matching” 
them so they function efficiently. They have the ability to transform voltage and current to 
higher or lower levels as they transfer electrical energy that is flowing in one part of a circuit to 
another part. 

Note: In experiments that use the transformer block, be careful to insert it exactly as shown in 
the illustration. Otherwise, the experiment will not work. 

Diode. A diode allows a current to flow in only one direction. 


Loudspeaker. The kit's built-in speaker converts electrical energy into sound you can hear in 
IC amplifier experiments. 


Earphone. The earphone lets you hear sound in experiments when the sound is weak. For 
stronger sounds, you will use the speaker. 


Bulb. Lights when an electrical current flows through the circuit. 





• In order to minimize the number of blocks supplied with the kit, sometimes a block that has an electronic part is used merely as a lead. For exam- 
ple, in Experiment No. 4: Transistors and Amplification, a block with a resistor is used only as a lead. Look at both the block’s symbol and the circuit 
diagram to identify the block’s purpose. 

• If you have trouble getting an experiment to work, make sure that the blocks are firmly seated in the kit and that their contacts are touching one 
another and/or the sides of the kit. 


11 




NU. 1 : bLbU I KlU UIKUUI I AND UUKKbN I 


In this experiment, you create a completed circuit between the 
batteries’ positive (+) and negative (-) terminals to light a lamp. 


Arrange the blocks as shown. Turn on the power switch, and the 
lamp glows. Now remove the 0 block, and the light goes off. 

From this experiment, you see that electricity flows to the lamp to 
light it when the 0 block is in place. The +A PWR and GND termi- 
nals on the kit are connected to the battery. When you pull the 
block out, there is no flow of electricity, and the light goes off. 

The path of the current is called an electric circuit. A battery has 
positive (-I-) and negative (-) terminals, and there is a voltage 
across them. This voltage causes an electrical current to flow 
through the circuit. When you remove the block, the path is bro- 
ken, and the current cannot flow. 

Turn off the power switch when you finish the experiment. blocks 


circuit diagram 
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NU. UIKbU I lUN Uh UUKKbN I AND KbU I IhlUAI lUN (A) 


In this experiment, you see how a diode allows current to flow 
in only one direction. 


Arrange the blocks as shown. Turn on the power switch and the 
lamp lights. Turn the ® block to 0 and put it back into the same 
spot. This time, the lamp does not light. 

From this experiment, you can see that the diode allows an elec- 
trical current to flow in only one direction. The diode allows the 
current to flow from the (-) battery terminal to the (-1-) terminal 
through M — , but it does not allow it to flow through — >f. 

Electrons flow from a negatively charged to a positively charged 
region. Then why does the diode in this experiment point in the 
direction opposite to the current’s flow? 

It is important that you understand how a diode works for the 

experiments that follow this one. blocks 

Long ago (beginning with Benjamin Franklin), it was assumed 
electricity flowed from positive to negative. The discovery of the 
electron eventually contradicted that belief, but most electrical 
circuit diagrams today still follow the old tradition. Additionally, in 
a semiconductor, when electrons from nearby atoms fall into the 
semiconductor’s vacant electron openings (called “holes”), the 
flow is in the direction opposite to that of the electron flow. There- 
fore, it is common to refer to positive current flow in semiconduc- 
tors. 

Turn off the power switch when you finish the experiment. 


circuit diagram 
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NU. 6 : UIKbU I lUN Uh UUKKbN I AND KbU I IhlUAI lUN (b) 


In this experiment, you see how a diode allows current to flow 
in only one direction. 


Arrange the blocks as shown. Turn on the power switch and the 
lamp glows. (Watch the lamp carefully because it shines very 
dimly). Turn the ® block to ®, and put it in the same spot; this 
time the lamp does not glow. Turn the block back to ® so the 
lamp lights again. 

Next, turn the ® block to ©. The lamp does not light. 

If the circuit has any diode positioned so it blocks the current’s 
flow, the lamp does not light; that is, no current is flowing through 
the circuit. From the previous experiment, you know the diode 
must be oriented so its arrow points opposite the path the current 
is supposed to take. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit diagram 
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NU. 4: I KANbIb I UKb AND AMHLIhlUAI lUN 


The purpose of this experiment is to show the switching func- 
tion of transistors. 


Transistors were invented at the Bell Telephone Laboratories in 
1948. A transistor is a semiconductor device that allows a very 
small current at one lead to control a much larger current flowing 
through the other two leads. This means transistors can be used 
as amplifiers and switches (before transistors, vacuum tubes 
were used). 

Arrange the blocks as shown and turn on the power switch. From 

the circuit diagram, you can see that a current of approximately blocks 

1.3 mA flows from the emitter to the base, and a current of 
approximately 38.7 mA flows from the emitter to the collector, 
through the bulb. 

You can see that this is the amount of current by using Ohm’s 
Law. Remember: 

Current = 

Resistance 

We know the voltage supplied to the circuit is 6V. And we know 
that the resistor’s value is 4.7 ki^ (Ohms). So the current flowing 
is: 

6V 

4, 7000 


or about 1 .3 mA. 

A total of 40 mA flows from the batteries’ (-) terminal, through the 
circuit, and to the batteries’ (+) terminal. 

Turn off the power switch when you finish the experiment. 


circuit diagram 
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NU. 5: IKANbIblUKb AND KbbIblANUb 


The purpose of this experiment is to show that the higher the 
vaiue of the resistor, the iess current is aiiowed to fiow from the 
emitter to the base. 


Arrange the blocks as shown. Compare the arrangement of the 
blocks and the circuit diagram for this experiment to that of 
Experiment No. 4, and you will find that they are identical, except 
that the 4.7 resistor has been exchanged with a 1 resistor. 

Turn on the power switch. The lamp does not light because the 
increase in resistance has reduced the quantity of electrical cur- 
rent flowing from the emitter to the base. There is now not 
enough current flowing to turn on the transistor. As this experi- 
ment demonstrates, the quantity of current flowing between the 
collector and emitter can be controlled by changing the amount 

of current flowing between the emitter and the base. blocks 

If you had resistors of different values, you could try other values 
and see that some resistors would turn on the transistor a little 
(the lamp would be dim) and others would turn on the transistor a 
lot (the lamp would be bright). 

A high-value transistor lets only a little current flow through the 
base, and does not turn on the transistor (or turns it on only a lit- 
tle). 

Turn off the power switch when you finish the experiment. 


circuit diagram 
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NU. b: UlUUb UbIbUIUK KAUlU 


In this experiment, you construct the simplest of radio circuits, 
the germanium rectifier radio. Later, you will construct better, 
more complex radio circuits. 


The germanium rectifier radio is the simplest radio receiver. The 
crystal set used widely in the early days of radio used crystal 
detectors (made of crystalline mineral substances such as 
galena and iron pyrites). Now, radios use the germanium diode. 

Arrange the blocks and attach the earphone by inserting the pad- 
dles between the blocks as shown in the diagram. Insert one of 
the yellow antenna wire paddles into the blocks as shown, and 
string the unattached portion across the room. Insert the other 
yellow wire into the kit as shown, and touch the other end to an 
earth ground, such as a metal cold water pipe. Place the ear- 
phone in your ear, and adjust the tuning control until you hear the 
radio play. 

Note: The supplied antenna wire might not get good reception in 

places where the incoming radio waves are weak (such as inside blocks 

a building or from a far away radio station). You might need to go 
outside and position the antenna higher to get better reception. 


circuit diagram 
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NU. 7: UlUUb Ub I bU I UK UNb- 1 KANbIb I UK KAUlU 


In this experiment, you’ll add a transistor (amplifier) to the ger- 
manium diode detector radio to improve its efficiency and pow- 
er. 


By adding a low-frequency amplifier to the germanium diode 
detector radio, you can construct a one-transistor radio. This type 
of radio has tuning, detector, and amplification circuits. 

Arrange the blocks as shown; this arrangement connects a fixed 
bias transistor (amplifier) to the germanium diode detector radio. 
Attach the antenna and earphone at the points shown, and string 
the antenna across the room. Insert the other yellow wire into the 
kit as shown, and touch the other end to an earth ground, such 
as a metal cold water pipe. Place the earphone in your ear, turn 
on the power switch, and adjust the tuning control until you hear 
the radio play. 

Turn off the power switch when you finish the experiment. 


circuit diagram 


Tuning ^ k Detection/Rectification 

M'O* ^ 


Amprncation 
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NU. S: UNb- 1 KANbIb I UK Ub I bU I UK KAUlU 



Since transistors have a built-in diode (see the symbol for the 
transistor — it has an arrow on the emitter that looks like a 
diode), it can also perform the function of detection in addition to 
amplification (meaning, it can decipher information carried in a 
radio signal). The transistor radio circuit you build in this experi- 
ment does not require a separate diode. 

Arrange the blocks and attach the earphone by inserting the pad- 
dles between the blocks as shown in the diagram. Insert one of 
the yellow antenna wire paddles into the blocks as shown, and 
string the antenna across the room. Insert the other yellow wire 
into the kit as shown, and touch the other end to an earth ground, 
such as a metal cold water pipe. Place the earphone in your ear, 
turn on the power switch, and adjust the tuning control until you 
hear the radio play. 

Note: The supplied antenna wire might not get good reception in 
a place where the incoming radio waves are weak (such as 
inside a building). You might need to go outside and/or position 
the antenna higher to get good reception. 

Turn off the power switch when you finish the experiment. 


circuit diagram 


blocks 
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NU. UNb- 1 KANbIb I UK KbhLbX KAUlU 


In this experiment, you build a radio that uses a reflex circuit to 
improve reception. It is the most efficient of the radios you 
have constructed so far. 

A circuit that performs two functions — high frequency amplifica- 
tion and low-frequency amplification — is called a reflex circuit. 
This type of circuit is a little more complex than the ones you 
have already built, but it has a greater sensitivity. 

This circuit might produce oscillations (you will hear high-pitched 
tones) when used in a place where the incoming radio waves are 
very strong. In such a case, lower or disconnect the antenna. 

Arrange the blocks as shown and attach the earphone. Insert 
one of the yellow antenna wire paddles into the blocks as shown, 
and string the antenna across the room. Insert the other yellow 
wire into the kit as shown, and touch the other end to an earth 
ground, such as a metal cold water pipe. Place the earphone in 
your ear, turn on the power switch, and adjust the tuning control 
until you hear the radio play. 

Turn off the power switch when you finish the experiment. 


circuit diagram 
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NO. 1U: ONb-IKANbIblOK WIKbLbbb MIUKOHMONb 


In this experiment, you construct a transmitter circuit (one that 
sends signals to a receiver). Keep tuning the radio in this ex- 
periment until you hear the sound from the microphone (ear- 
phone). 


Arrange the blocks as shown and attach the earphone and 
antenna. Turn on an AM radio receiver, set it to a low volume, 
and turn its tuning dial so it is not tuned to any station. Place the 
kit’s antenna close to the radio. Then turn on the kit’s power 
switch and slowly rotate its tuning dial until a high-pitched whis- 
tling sound comes out of the radio speaker. 

You have just built a wireless microphone that is tuned to the 
radio receiver. Speak into the microphone (earphone), and you 
can hear your voice coming from the radio. 

Note: You can use the earphone as a microphone because a 
voltage can produce a sound, or a sound can produce a voltage. 
It depends on which one the earphone is receiving (sound or volt- 
age). 

Turn off the power switch when you finish the experiment. 


circuit diagram 



blocks 
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NU. 11: UIKUUII UlbUUNNbUIIUN WAKNINU UbVIUb 


In this experiment, you construct an oscillator circuit. An oscil- 
lator creates a wave form — a police siren is an example of an 
oscillator. 


Arrange the blocks and connect the antenna and earphone as 
shown. Turn on the power switch and place the earphone in your 
ear. Disconnect the antenna wire from the block — you hear a 
high-pitched tone. Replace the wire and the tone stops. 

When the antenna wire is connected, the current bypasses the 
transistor and travels along the antenna wire. When the antenna 
wire is disconnected, current flows through the transistor, produc- 
ing the oscillation that makes the tone. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit diagram 
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NU. 12: bLbU I KUNIU bLbbHINU AID 


In this experiment, you create another oscillator circuit. The 
oscillation in the circuit makes a sound like the patter of rain. 
Compare the circuit diagram for this experiment to the one for 
Experiment No. 11. 


Arrange the blocks and connect the earphone as shown. Turn on 
the power switch and put the earphone in your ear. You hear a 
soothing sound, like the continuous patter of raindrops. This type 
of sound is sometimes used in devices that help people fall 
asleep. 

Turn off the power switch when you finish the experiment. 


circuit diagram 



23 







NU. V6: AUUlU UbNbKAIUK 


In this experiment, you create an oscillator circuit that uses the 
radio’s built-in antenna coil, which is a type of transformer, in 
place of a low-frequency transformer. This experiment also 
shows how the kit’s tuning dial can act as a variable capacitor. 


Arrange the blocks and connect the earphone as shown. Turn on 
the power switch, and place the earphone in your ear. Turn the 
tuning dial, and listen to the different tones that are produced. 

Capacitors either have a fixed or variable \/a\ue. Fixed capacitors 
have the same, constant capacitance, but the capacitance of 
variable capacitors can change. Variable capacitors usually have 
one or more moving plates which are rotated by a rod attached to 
one side of the plates. The movable plates are what enables the 
capacitance to vary. 

blocks 

In this oscillator experiment, the tuning dial serves as a variable 
capacitor. As you turn the tuning dial, the variation in the capaci- 
tance creates the different tones you hear. 

Turn off the power switch when you finish the experiment. 


circuit diagram 


Fixed Plates 
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NO. 14: hLAbM LAMP 


In this experiment, a flash lamp illustrates the charging and 
discharging of a capacitor. 


Arrange the blocks as shown. Turn on the power switch, and the 
lamp lights, glows, and then goes off. To light the lamp again, turn 
off the switch and wait 20 to 30 seconds, and then turn on the 
switch again. 

When you turn on the power switch, the capacitor stores a 
charge, and then releases it to light the lamp. Turning the switch 
off and on again allows the capacitor to recharge. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit diagram 
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NU. 15: LAMP- I YHb UIKUUI I UlbUUNNbU I lUN WAKNINU UbVIUb 


In this experiment, you see an example of a short circuit. When 
the antenna wire is not connected to the circuit, the power trav- 
els through the primary circuit and is amplified by the transis- 
tor to light the lamp. When the antenna wire is connected, the 
lamp does not light because the current is taking a “shortcut” 
through the secondary circuit and bypassing the transistor. 


Arrange the blocks and attach the antenna wire as shown. Turn 
on the power switch. Then disconnect the antenna wire from the 
blocks. The lamp glows. Reconnect the antenna wire and the 
lamp goes off. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit diagram 
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NU. 16: UUNUUUIUKb AND NUNUUNUUU I UKb (INbULAIUKb) 


The purpose of this experiment is to show the difference be- 
tween conductors and non-conductors. 


Arrange the blocks and insert the black and red wire paddles into 
the kit as shown. Touch the other paddles to the ends of a wire, a 
sugar cube, and a pencil’s lead as shown. 

In which cases did the lamp glow? The lamp turns on when the 
cords were connected to the pencil lead or to the wire; such sub- 
stances are called conductors. Substances such as the sugar, 
which did not pass along the electric current, are called noncon- 
ductors or insulators. 

Try connecting different things to the test paddles to see if they 
are conductors or nonconductors. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit diagram 
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NU. 17: IKANbIblUKb AND UUKKbNI AMHLIhlUAI lUN 


This experiment shows how a current can pass through a con- 
ductor (in this case, sait water) and compiete the circuit. The 
transistor ampiifies the current to iight a iamp. 


As you have already learned, amplification is one of the functions 
performed by transistors. This experiment demonstrates this 
function. 

Arrange the blocks and insert the black and red wire paddles as 
shown. Turn on the power switch; the lamp does not glow. Now 
dip the unconnected ends of the wires into a glass of salt water; 
the lamp glows. This is because a large current flows between 
the collector and emitter of the transistor when the ends of the 
cords are immersed in salt water. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit diagram 
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NU 15: bWI I UMINU hUNU I lUN Uh I KANbIb I UKb 


The purpose of this experiment is to demonstrate the switch- 
ing function of transistors. 


Switching is another function transistors perform by varying the 
current that flows to the base. An example is a switch that turns a 
light on and off. 

Arrange the blocks as shown. Turn on the power switch. The 
lamp does not light. Press down on the large block (called the 
key switch) and the lamp lights. This is because pressing down 
on the key switch allowed a large quantity of current to flow to the 
base. 

Turn off the power switch when you finish the experiment. 


circuit diagram 
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NU 1»: UlUUb Ub I bU I lUN UNb- 1 KANbIb I UK KAUlU ( I KANbhUKMbK I YHb) 


In this experiment, you build a radio that uses a transformer. 
The transformer matches the amplified voltage from the circuit 
to the earphone, so the resulting sound is strong enough to 
hear but weak enough to prevent damage to the earphone. 


Various amplification circuits use transformers. This experiment 
uses a circuit combining the diode detector radio and a one-tran- 
sistor amplifier. 

Arrange the blocks and attach the earphone as shown. Insert 
one of the yellow antenna wire paddles into the blocks as shown, 
and string the antenna across the room. Insert the other yellow 
wire into the kit as shown, and touch the other end to an earth 
ground, such as a metal cold water pipe Place the earphone in 
your ear and turn on the power switch. The radio plays. 

Note: Be sure you position the transformer block correctly as 

shown. Otherwise, the experiment won’t work. blocks 

Different amplification circuits appear in the experiments that fol- 
low. Compare their circuit diagrams to the one for this experi- 
ment. 

Turn off the power switch when you finish the experiment. 


circuit diagram 
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NO. 2U: WIKbLbbb MIUKOHMONb (IKANbhOKMbK I YHb) 


In Experiment No. 10, you created a simple wireless micro- 
phone. In this experiment, you create a wireless microphone 
using a transformer. The transformer increases the signal com- 
ing from the circuit. 


Arrange the blocks and attach the earphone and antenna as 
shown. Then set up the AM radio as you did in Experiment No. 
10. Turn on the radio, adjust the kit’s tuning control, and move 
the antenna wire until you hear a high-pitched tone coming from 
the radio. Then speak into the earphone (which substitutes for a 
microphone), and you hear your voice coming from the radio. 

Note: Be sure you position the transformer block correctly as 
shown. Otherwise, the experiment won’t work. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit diagram 
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NO. : bLbU I KONIU bIKU ( I KANbhOKMbK I YHb) 


The purpose of this experiment is to create an osciiiator circuit 
that uses a transformer to ampiify the sound into the earphone. 


If you add a capacitor to an oscillator circuit to slightly alter its 
configuration, the circuit will make a sound like a bird’s chirping. 
This is one of the sounds an oscillator circuit can produce. 

Arrange the blocks and attach the earphone as shown. Place the 
earphone in your ear and turn on the power switch to hear the 
chirping. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. bLbU I KUNIU Mb I KUNUMb (bAKHMUNb I YHb) 


In this experiment, the charging and discharging of the capac- 
itor creates the oscillation that makes a “ticking” sound. The 
transformer amplifies the sound into the earphone. 


A metronome is a device that makes a sound at regular intervals 
for marking musical time. Singers and musicians use metro- 
nomes to practice singing or playing at a particular tempo. In this 
experiment, you create an electronic metronome. 

Arrange the blocks and attach the earphone as shown. Place the 
earphone in your ear and turn on the power switch to hear the 
metronome marking time. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. bLbU I KUNIU bUZZbK 


In this experiment, the charging and discharging of the capac- 
itor creates the oscillation to make a sound like a warning 
buzzer. The transformer amplifies the sound into the earphone. 


Arrange the blocks and attach the earphone as shown. Place the 
earphone in your ear and turn on the power switch to hear the 
buzzer. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 24: MUKbb UUUb HKAU I lUb UIKUUI I (UbI 


The purpose of this experiment is to show the function of a key 
switch. When you press the switch, the circuit allows electrici- 
ty to flow through it. Release the switch, and there is a break in 
the circuit’s path. 

Morse code is a communication system in which letters of the 
alphabet and numbers are represented by short and long pat- 
terns, particularly of sound. In this experiment, you create a tele- 
graph for sending Morse code signals. 

Arrange the blocks and attach the earphone as shown. Place the 
earphone in your ear and turn on the power switch. Press down 
on the switch on the large block to send the signals; the chart 
below shows the patterns for different letters and numbers. The 
dots represent short taps and the dashes represent longer taps. 
Can you spell your name in Morse code? 

Turn off the power switch when you finish the experiment. 


Morse Code 

A«— B — ••• D — •• E« F«« — • 

G — • J« K — •— L« — •• 

M — N — • O P« — • Q — •— R« — • 

5.. . T- U..- V W X 

Y Z 

1 , 0 — •••• 

2 .. 7 — ••• 

— 8 •• 

4 .. ..- 9 . 

5 0 


circuit 
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NU. 25: bbKIbb AND HAKALLbL UAHAUI I UK UUNNbU I lUNb 


Many circuits that create tones use capacitors to controi the 
frequency, or pitch, of the tone. The circuit fiiis up the capacitor 
with eiectricity and then empties it out. The iength of time it 
takes the capacitor to fiii and empty controis the tone— the 
iarger the vaiue of the capacitor in the tone circuit, the iower 
the tone, and the smaiier the vaiue, the higher the tone. 


This experiment iets you see how the capacitance in a circuit 
changes when you connect capacitors in paraiiei and when you 
connect them in series. 

Arrange the biocks and attach one of the biack wires as indicated 
by the soiid biack iine. Then attach the earphone and turn on the 
power switch. You hear a tone from the earphone. This tone is 
generated using 0.01 [iF (the biack wire is acting iike Switch A in 
the schematic, and the eiectricity is bypassing the O.OS^rF capac- 

blocks 

Now press the switch. This cioses Switch B in the schematic, and 
puts the O.OS^iF capacitor paraiiei with the 0.01 [iF capacitor. The 
tone gets iower. Remember what we said before — a iower tone 
means that the capacitance got iarger, so connecting capacitors 
in paraiiei must increase \he totai capacitance. 

Now iet go of the switch and remove the biack wire. This puts the 
O.OS^iF and 0.01 ^iF capacitor in series. Did you hear the tone get 
higher? A higher tone means that the capacitance got smaiier, so 
connecting capacitors in series must decrease the totai capaci- 
tance. 

The actuai formuias you use to caicuiate the totai capacitance for 
series and paraiiei connections are on the next page. 

Turn off the power switch when you finish the experiment. 
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NU. 25: bbKIbb AND HAKALLbL UAHAUI I UK UUNNbU I lUNb (Uontinued) 


ABOUT CAPACITORS 

A capacitor, as its name suggests, can be filled with 
electricity (it has a capacity for electricity). The capacitor 
stores the electricity until it is needed by the circuit. 
Capacitors are very important and useful components, 
and they are used in many different ways. 

Capacitors are made of two sheets, or plates, of metal. 
Between the two plates is a thin layer of insulating 
material called the dielectric. When electricity is applied 
to the plates, electrons flow out of the capacitor from the 
first plate and electrons build up on the second plate. 
Since the dielectric does not let electricity flow, an elec- 
tric charge builds up between the two plates. 

Some circuits use capacitors as timers. Electrons flow 
into the capacitor. As the charge builds, the voltage 
between the capacitor’s plates increases. When the 
voltage gets high enough it turns on the transistor and 
discharges the capacitor. 

In this experiment, the transistor is hooked up so you 
can hear it turn on and off ... it turns on and off so fast, 
you hear it as a tone. This is similar to how electronic 
keyboards generate tones. 

Some circuits use very large capacitors or let the elec- 
trons flow very slowly into the capacitor by changing the 
resistance in the circuit (see Experiment 26). These cir- 
cuits turn the transistor on and off much more slowly. 
Can you think of something that might use a capacitor 
hooked up like this? Next time you go outside, look at 
the way turn signals on cars blink on and off. If you look 
around, you’ll see many lights blinking, hear many 
horns sounding, and find a lot more places where 
capacitors are being used! 
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NU. 2b: bbKIbb AND HAKALLbL Kbbib I UK UUNNbU I lUN 


This circuit lets you see how the resistance in a circuit changes 
when you connect resistors in parallel and when you connect 
them in series. 

Arrange the blocks and attach one of the black wires as indicated 
by the solid black line. Then attach the earphone and turn on the 
power switch. You hear a tone — just like in Experiment 25. This 
circuit uses the .01 ^rF capacitor to generate the tone. This time, 
however, let’s change the tone by changing the resistance. 

A large resistance does not let electrons flow easily, so the 
capacitor fills up slowly and the tone is lower. A small resistance 
lets electrons flow easily, so the capacitor fills up quickly and the 
tone is higher. 

When you first turn on the switch, the tone is made by the capac- 
itor plus the 4.7k resistor in series with the 10k resistor. Recon- 
nect the black wire as indicated by the dotted line, and press the 
switch. This changes the circuit so the 4.7k resistor is parallel 
with the 10k resistor. The tone gets higher. This means the resis- 
tance is smaller. The formula for finding the total resistance in a 
parallel connection is: 


When you connect resistors in series, you add the 
resistors values together to get the total resistance. 

Turn off the power switch when you finish the experi- 
ment. 


circuit 


blocks 
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NO. 27: WAI bK-LbVbL WAKNINO UbVIUb 


In this experiment, you build an oscillator circuit that sounds a 
warning tone when the water reaches a certain level in a sink 
or tub. 


Arrange the blocks and attach the earphone and the black and 
red wire paddles to the kit as shown. Hold the other ends of the 
black and red wires near each other (but not touching) with a 
plastic clip or string. Put the connected ends at a suitable height 
in a tub or sink before you stopper it and begin filling it with water. 

Place the earphone in your ear, and turn on the power switch. 

When the water reaches the level of the paddles, you hear a 
high-pitched tone. 

A current is flowing between the two metal plates so a current 
flows between the base and collector, creating the oscillation in 
the output. Lift the paddles out of the water, and the tone stops. 

You can see how this could be used as a warning device — it 
could let you know to turn off the water before the tub overflows! 

Important Safety Tip: Always keep AC powered devices away 
from water! Because water is a conductor of electricity, you could 

receive a dangerous shock, if an AC appliance gets wet! blocks 

Turn off the power switch when you finish the experiment. 


circuit 
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NU. Zb: bIMHLb WAIbK UUALI I Y INUlUAIUK 


In this experiment, you construct a circuit that can detect a dif- 
ference in water quality. Ordinary tap water contains enough 
impurities to act as conductors so a small current can pass 
through it. But salt water is a better conductor because the salt 
breaks down into positive sodium ions and negative chlorine 
ions. Electrolytes are solutions that contain many ions, or tiny 
electrically charged particles. 


Arrange the blocks and attach the earphone and the black and 
red wire paddles as shown. Place the earphone in your ear and 
turn on the power switch. Hold the ends of the black and red 
wires near each other (but not touching) with a plastic clip or 
string. Put the ends of the wires into a glass of fresh water and 
then into a glass of salt water. Can you hear a difference in the 
tone when you immerse the test paddles in the fresh and salt 
water? Because the salt water is a better conductor, it should 
produce a louder tone. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 



Salt Water Fresh Water 
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NU. tLtU I KUNIU MU I UKUYULt 


In this experiment, you can hear when the amount of electrical 
resistance is increased or decreased in the circuit. 


Arrange the blocks and attach the earphone and black and red 
wire paddles as shown. Place the earphone in your ear and turn 
on the power switch. Grip the ends of the black and red wires 
together between the thumb and forefinger of each hand. 

If you tighten and relax your grip on the two paddles, the circuit 
makes a sound like a motorcycle. Make the “motorcycle” go 
“faster” or “slower” by changing the pressure of your fingers. As 
you press harder, you reduce the resistance in the circuit and 
increase the amount of flowing current. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 









NO. 30: LIE DETECTOR (EARPHONE TYPE) 


In this experiment, you build a polygraph. The perspiration on 
your friend’s fingers will act as a switch, causing a change in 
resistance that changes the flow of current. 


A polygraph is an instrument used to detect changes in heart- 
beat, blood pressure, breathing, or perspiration. These bodily 
changes can sometimes indicate whether or not a person is tell- 
ing the truth, and so a polygraph machine is also called a lie 
detector. In this experiment, you create a simple lie detector. 

Arrange the blocks and attach the earphone and black and red 
wire paddles as shown. Place the earphone in your ear and turn 
on the power switch. Have a friend hold the ends of the cords in 

between the thumb and forefinger of each hand. Then ask your blocks 

friend questions, and tell them to sometimes answer truthfully 
and sometimes answer falsely. Here are some questions you can 
ask: 

1. What’s your name? 

2. How old are you? 

3. Where do you live? 

4. What color are your eyes? 

The increased perspiration on their fingers when they tell a lie 
should increase the flow of the electric current. The changes you 
hear in the earphone should tell you when your friend is lying or 
telling the truth. However, this device is not foolproof — don’t rely 
on it completely! 

Turn off the power switch when you finish the experiment. 


circuit 
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NU. 61 : UUN I INUI I Y I bb I bK 


In this experiment, you build a continuity tester that can tell 
you whether or not a light bulb is good. A continuity tester is a 
device used to check for broken wires in an electrical appara- 
tus. When the bulb is good, the current can travel all the way 
through the circuit, and it is amplified through the transformer 
to the earphone. 


Note: For this experiment, you need two iight buibs: one that stiii 
burns and one that is burned out. 

Arrange the biocks and attach the earphone and biack and red 
wire paddies as shown. Piace the earphone in your ear, and turn 
on the power switch. Touch the ends of the cords to one iight buib 
as shown, and then repeat with the other. When the circuit inside 
the buib is ciosed (the buib is stiii good), you hear a high-pitched 
tone in the earphone. But when the buib is bad, you do not hear 
any sound. 

Turn off the power switch when you finish the experiment. 


circuit 


Touch one 
cord here. 



Good 


Touch the other 
cord to the tip 
of the base. 



Bad 
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NU. bLbU I KUNIU bIKbN 


This experiment is another appiication of an osciiiator circuit; 
it is interesting because it produces two different tones. 


Arrange the blocks and attach the earphone as shown. Turn on 
the power switch. Press down on the key switch on the big block 
to produce a tone, and listen to the sound from the earphone. 
Release the switch to produce the other tone. Keep pressing and 
releasing the switch — the variation in tones sounds like a siren. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 66 : bbKIbb bAI I bKY UUNNbU I lUN 


In this experiment, you see how a series connection allows an 
increased voltage to pass through a circuit. 

A series circuit allows the current to pass through each circuit 
element without branching. In a series battery connection, the 
total voltage is equal to the sum of the batteries. In other words, 
the combined batteries add up to form one big battery. This can 
be expressed mathematically as: 

Vt = V1 + V2 +V3, etc. 

This connection is used when the device to be powered needs 
increased voltage; but a series connection consumes power 
much faster than a para/te/ connection (which is used in the next 
experiment). 

Remove the batteries from your kit, and use them to do this 
experiment. 

Arrange the blocks and put the batteries in place as shown, being 
careful to position the + and - ends of the batteries correctly. 
Attach the black and red wire paddles to the kit, and then touch 
the other ends to the batteries as illustrated, and the lamp glows 
brightly. 

With this series connection of the batteries, the resulting power is 
6V. The lamp glows brightly, but the connection consumes so 
much power that the batteries will not last as long as they would 
when they are connected in parallel. 


circuit 


biocks 
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NU. 154: HAKALLbL bAI I bKY UUNNbUIIUN 


In this experiment, you see how the voltage in a parallel con- 
nection is the same as that in Experiment No. 33; however, the 
available current is increased. 


In a parallel circuit, the current branches out into two or more 
paths before rejoining the circuit. In a parallel battery connection, 
the voltage remains unchanged, but the available current is 
increased. If you could normally power a light for 30 minutes from 
one battery, you could power it for 3 hours from 6 batteries con- 
nected in parallel (6 x 30 minutes = 3 hours). 

If you have not already done so, remove the batteries from your 
kit, and use them to do this experiment. 

blocks 

Arrange the blocks and put the batteries in place as shown, being 
careful to position the -i- and - ends of the batteries correctly. 

Then connect one end of the black wire to the kit, and touch the 
other end to a battery’s negative (-) end as illustrated, and the 
lamp glows brightly. Next, connect the red wire to the kit, and 
touch the ends of both wires to the batteries’ negative (-) ends. 

The lamp glows again, but not as brightly as the series connec- 
tion in the previous experiment. 


circuit 
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NU. 6b: MUKbb UUUb HKAU I lUb UIKUUI I (UbINU LIUM I ) 


Like Experiment No. 24, this experiment lets you practice using 
Morse code. But in this experiment, you use light to make the 
signals instead of sound. 


Arrange the blocks as shown and turn on the power switch. Press 
and release the key switch on the big block to make the Morse 
code patterns of short and long flashes of light (see Experiment 
No. 24 on Page 35 for the Morse code chart). 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 6b: UKUUNUbU MUKbb UUUb I KANbMI I I bK 


In Experiment No. 28, you learned that water is a conductor of 
electricity. In this experiment, you will see whether or not the 
ground is also a conductor of electricity. You need to perform 
this experiment outside where you can insert the test leads 
into soft ground. 


Arrange the blocks and attach one end of the yellow antenna 
wire to the kit as shown. Carefully unwind the ends of the ear- 
phone and attach one end to the kit. Insert the other ends of the 
antenna and earphone leads into the ground. 

Have a friend place the earphone in his ear. Turn on the power 
switch. Press the key switch on the big block to send your friend 
a message using the Morse code signals shown in Experiment 

No. 24 on Page 35. Because the ground conducts electricity, blocks 

your message will get through. 

Have you ever wondered why a bird can sit on an electrical line 
and not receive a shock? That’s because the bird does not touch 
the ground to complete the path of electrical current. However, 
whenever there is contact between an electrical line and the 
ground, there is a very DANGEROUS potential shock hazard! 

Important: If you see something that is touching an electrical 
line, like a tree branch or a stray kite, stay FAR AWAY and tell an 
adult to contact the power company. You could receive a deadly 
electric shock from the grounded electrical current! 

Turn off the power switch when you finish the experiment. 


circuit 
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NO. 37: MAKUONI b bHAKK I bLbOKAHM 


In this experiment, you create a wireless telegraph like the one 
invented by Guglielmo Marconi. Around 1900, he succeeded in 
transmitting and receiving messages by radio waves over a 
distance of about miles (15 kilometers). He won the Nobel 
Prize for his work in 1901. 


Arrange the blocks and attach the antenna as shown. Then set 
up an AM radio as you did in Experiment No. 1 0 on Page 21 , turn 
on the kit’s power switch, and tune the circuit you just created to 
the same frequency as the radio. For the best reception, position 
the end of the kit’s antenna wire close to the radio’s receiving 
antenna. 

Press the key switch on the big block to send Morse code signals 
(see Experiment No. 24 on Page 35) to the radio. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 6b: KAUlU IbLbUKAHM 


This experiment aiso uses a radio teiegraph, but its output is 
greater than the one in Experiment No. 37 because it uses a 
transistor for ampiification. 


Arrange the blocks and attach the yellow antenna wire to the kit 
as shown. Then set up an AM radio as you did in Experiment No. 
10, turn on the kit’s power switch, and tune the circuit you just 
created to the same frequency as the radio. For the best recep- 
tion, position the end of the kit’s antenna wire close to the radio’s 
receiving antenna. 

Press the key switch on the big block to send Morse code signals 
(see Experiment No. 24 on Page 35) to the radio. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. UNb-UIUUb Ub I bU I UK + lU AMHLIhlbK KAUlU 


In this experiment, you use the kit’s built-in 1C (Integrated Cir- 
cuit) amplifier for the first time. An integrated circuit is com- 
posed of individual transistors, diodes and resistors, usually 
on a small chip of silicon. The components are connected to 
one another with aluminum wires deposited on the surface of 
the chip. Integrated circuits make video games, digital watch- 
es, computers, and many other sophisticated electronic prod- 
ucts possible. 


Arrange the blocks as shown. Insert one of the yellow antenna 
wire paddles into the blocks as shown, and string the antenna 
across the room. Insert the other yellow wire into the kit as 
shown, and touch the other end to an earth ground, such as a 
metal cold water pipe. Turn on the power switch, adjust the tun- 
ing and volume controls, and the radio plays. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 


An 1C Chip can contain 
hundreds of tiny tran- 
sistors, resistors, and 
diodes. 
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NU. 4U: UNb-UIUUb Ub I bU I UK + lU AMHLIhlbK KAUlU 


Compare the radio in this experiment to the one in Experiment 
No. 39 to see which one is more sensitive. 


Arrange the blocks as shown. Insert one of the yellow antenna 
wire paddles into the blocks as shown, and string the antenna 
across the room. Insert the other yellow wire into the kit as 
shown, and touch the other end to an earth ground, such as a 
metal cold water pipe. Turn on the power switch, adjust the tun- 
ing and volume controls, and the radio plays. 

Now repeat Experiment No. 39. How does that radio compare to 
the one you created in this experiment? 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NO. 41 : ONb- 1 KANbIb I OK MIOM-hKbOUbNUY / lO AMHLIUbK KAUIO 


This experiment demonstrates high-frequency amplification, 
which increases the strength of weak radio signais. 


Arrange the blocks as shown. Insert one of the yellow antenna 
wire paddles into the blocks as shown, and string the antenna 
across the room. Insert the other yellow wire into the kit as 
shown, and touch the other end to an earth ground, such as a 
cold water pipe. Turn on the power switch, adjust the tuning and 
voiume controls, and the radio plays. 

The radio receiver you just built amplifies weak incoming radio 
signals. A radio signal can be further amplified by second and 
third amplifier stages, but the process is so technically complex 
that the single high-frequency amplifier is the most widely used. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 42: UNb- 1 KANbIb I UK MIUM hKbUUbNUY / lU AMHLIhlbK KAUlU 


This experiment creates a high-frequency ampiifier radio using 
a transformer. This type of radio is not as sensitive as the refiex 
circuit you see iater in Experiment No. 44, but it wiii heip you 
see how circuits for tuning, high-frequency ampiification, de- 
tection, and power ampiification are arranged within the radio 
circuit. 


Arrange the blocks as shown. Turn on the power switch, adjust 
the tuning and voiume controls, and the radio plays. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 413: UNb- 1 KANbIb I UK + lU AMHLIhlbK KAUlU 


In this experiment, the radio receiver uses a transistor detec- 
tor, which performs both detection and amplification. There- 
fore, no diode is used in the circuit. 


There are many radio broadcasting stations, and they all radiate 
different radio waves. Antennas such as the one built into the kit 
pick up these radio waves. The electric and telephone wires in 
our homes also act as antennas. 

Arrange the blocks and attach the yellow antenna wire as shown. 
String the other end of the antenna across the room. Turn on the 
power switch, adjust the tuning and volume controls, and the 
radio plays. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 44: UNb- 1 KANbIb I UK + lU AMHLIhlbK KbhLbX KAUlU 


The reflex circuit was developed when transistors were expen- 
sive. It is useful because it requires fewer transistors to per- 
form the same function. In the arrangement of the blocks in 
this experiment, one transistor is used to act as an amplifier for 
both high and low frequencies; that is, only one transistor is 
needed to perform the function of two transistors. 


Arrange the blocks as shown. Turn on the power switch, adjust 
the tuning and volume controls, and the radio plays. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 45: UNb- 1 KANbIb I UK lU AMHLIhlbK KbhLbX KAUlU 


An antenna is very important for the transmission and/or re- 
ception of radio signals. An antenna is how the radio receives 
the broadcast waves so it can convert them into sound. When 
radio broadcasting stations are far away or the radio waves are 
weak because of reinforced concrete buildings, an antenna is 
necessary to improve reception. 


Arrange the blocks as shown. Insert one of the yellow antenna 
wire paddles into the blocks as shown, and string the antenna 
across the room. Turn on the power switch, adjust the tuning and 
volume controls, and the radio plays. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 4b: bbLh-blAb UNb- 1 KANbIb I UK + lU AMHLIhlbK 


In this experiment, you create a public address system. Your 
voice or other sound creates the audio voltage that is fed to the 
base of the transistor. The amplified signal is sent to the collec- 
tor, where it is controlled and fed to the 1C amplifier. 


Just imagine what it would be like if there were no microphone 
and amplifier in your school auditorium. Without a public address 
system, it would be very difficult for a person to speak loudly 
enough in a large area so an audience could hear him or her. 

Arrange the blocks and attach the earphone as shown. Turn on 
the kit’s power switch and speak into the earphone (which serves 
as a microphone in this experiment). Turn the kit’s volume dial 
until you can hear your amplified voice. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 47: hlXbU-blAb UNb- 1 KANbIb I UK + lU AMHLIhlbK 


Electronic devices are becoming more and more compact, and 
large parts such as transformers are not common anymore. In 
this experiment, you create a streamlined amplifier circuit that 
does not use a transformer. 


Arrange the blocks and attach the earphone as shown. How 
does this circuit compare with the ones you have built for other 
amplifier experiments? 

Turn on the power switch and speak into the earphone (which 
serves as a microphone in this experiment). Adjust the volume 
control so you can hear the amplified sound coming from the 
speaker. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 4S: hlXbU-blAb UNb- 1 KANbIb I UK + lU AMHLIhlbK 


In this experiment, you create an amplifier circuit that uses a 
transformer. An amplifier circuit output is measured in watts 
(W). About 1 W is sufficient for ordinary portable radios. Ampli- 
fiers that are larger than 20W are used in Hi-Fi home stereos. 


Arrange the blocks and attach the earphone as shown. Turn on 
the power switch and speak into the earphone (which serves as a 
microphone in this experiment). Adjust the volume control so you 
can hear the amplified sound coming from the speaker. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 4»: LIUM I UUN I KUL UIKUUI I 


You’ve probably been in a movie theater, where the lights slowly 
get dimmer instead if instantly switching off. This experiment 
shows you how to use a transistor to slowly dim a light. 

Arrange the blocks and turn on the power switch. 

Remember in Experiments 4 and 5, where a small resistor con- 
nected to the base let the light turn on and a large resistor did not 
let the light turn on? Well, this experiment replaces the fixed 
resistors with a variable resistor (the volume control). As you turn 
the volume control, you change the voltage on the base of the 
transistor. If you turn the control slowly, the light slowly gets dim 
or bright. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 5U: lU AMHLIhlbK UUN I INUI I Y I bb I bK 


As in Experiment No. 31, this experiment creates a continuity 
tester to check for broken wires/components in an eiectronic 
device. The circuit for this tester has an ampiification function 
because it connects to the kit’s buiit-in iC ampiifier. 


Arrange the blocks and connect the black and red wire paddles 
as shown. Then use a burned-out light bulb and a good bulb as 
you did in Experiment No. 31 to see how the circuit functions. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 


Touch one 
cord here. 



Good 


Touch the other 
cord to the tip 
of the base. 





Bad 
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NO. 51 : MOKbb UOUb HKAU I lUb UIKUUI I (lU AMHLIUbK I YHb) 


You have practiced using Morse code in severai experiments. 
This time, you buiid a speaker-type Morse code practice cir- 
cuit. You don’t have to use the earphone to hear the sound be- 
cause this circuit connects to the kit’s iC ampiifier. 


Arrange the blocks as shown and then turn on the power switch. 
Send messages by pressing and releasing the key switch on the 
big block so the kit sounds shorter or longer tones (see Experi- 
ment No. 24 on Page 35 for the Morse code symbols). 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. b’Z: UKUUNUbU MUKbb I bLbUKAHM (Wl I M lU AMHLIhlbK MUNI I UK) 


In this type of telegraph, you ground one end of the circuit. You 
can send your messages to a friend through the earphone, and 
monitor them at the same time through the kit’s speaker. 


Arrange the blocks and attach the earphone and antenna wire as 
shown. (You might have to unravel the ends of the earphone wire 
to attach it to both the ground and the kit). Have a friend listen 
through the earphone. Turn on the power switch, and send your 
message by pressing the key switch on the large block (see 
Experiment No. 24 on Page 35 for the Morse code symbols). 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. UNb- 1 KANbIb I UK / lU AMHLIhbK UlbUUNNbU I bU UIKUUI I WAKNINU UbVIUb 


In this experiment, you create a circuit warning device that uti- 
lizes the switching function of a transistor and an oscillatory 
circuit. The device is set off when the circuit is broken, produc- 
ing a warning sound from the speaker. 


The circuit for this warning device uses the switching function of 
a transistor and oscillator circuit. It also connects to the 1C ampli- 
fier so you hear the sound from the kit’s built-in speaker. 

Arrange the blocks and attach the black and red wire paddles as 
shown. Hold the other ends of the wires together with the plastic 
clip. Turn on the power switch, and then remove the plastic clip 
so the wires’ ends come apart. The transistor oscillates to pro- 
duce a warning sound from the speaker. 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 54: UNb- 1 KANbIb I UK + lU AMHLIhlbK WAI bK-LbVbL WAKNINU UbVIUb 


In this experiment, you construct a water-level warning device 
that uses an oscillatory circuit and the 1C amplifier to sound a 
warning tone. This experiment is similar to Experiment No. 27, 
but you hear the warning tone from the kit’s speaker. 


Arrange the blocks and attach the black and red test wires as 
shown. Hold the other ends of the wires together with a plastic 
clip or string. Put the connected ends at a suitable height in a tub 
or sink before you begin filling it with water. Then turn on the 
power switch, and turn on the water. 

When the water reaches the ends of the cords, a current flows 
between the two, causing a bias current to flow to the base of the 
transistor. A warning sounds to indicate the water has reached 
that level. 

Safety Tip: Always keep AC powered devices away from water! 

Because water is a conductor of electricity, you could receive a 
dangerous shock, if an AC appliance gets wet! 

Turn off the power switch when you finish the experiment. blocks 


circuit 
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NU. 55: UNb- 1 KANbIb I UK + lU AMHLIhlbK bLbU I KUNIU bLbbHINU AID 


This electronic sleeping aid is similar to the one you built in Ex- 
periment No. 12, but it does not require an earphone because 
the circuit connects to the IC amplifier. 


Arrange the blocks as shown and turn on the power switch. Does 
the soothing sound make you feel drowsy? 

Turn off the power switch when you finish the experiment. 


circuit 


blocks 


☆ 
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NO. 56: ONE-TRANSISTOR + 1C AMPLIFIER LIE DETECTOR 


This lie detector operates on the same principle as the one in 
Experiment No. 30, but it does not require an earphone be- 
cause the circuit connects to the 1C amplifier. 


Arrange the blocks and connect the black and red wire test pad- 
dles as shown. Have a friend hold the ends of the cords in 
between the thumb and forefinger of each hand. Then ask your 
friend questions, and tell them to sometimes answer truthfully 
and sometimes answer falsely. You can ask the same questions 
given in Experiment No. 30. 

The increased perspiration on their fingers when they tell a lie 
should increase the flow of the electric current. The different 
tones you hear from the speaker will tell you when your friend is 
lying or telling the truth. However, keep in mind: this device is not 
foolproof! 

Turn off the power switch when you finish the experiment. 


blocks 


circuit 
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NU. 57: UNb- 1 KANbIb I UK + lU AMHLIhlbK Mb I KUNUMb 


This metronome operates on the same principle as the one in 
Experiment No. 22, but it does not require an earphone be- 
cause the circuit connects to the 1C amplifier. 


Arrange the blocks as shown. Turn on the power switch, and the 
metronome marks time. 

Turn off the power switch when you finish the experiment. 


circuit 


blocks 
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NU. 5S: UNb- 1 KANbIb I UK + lU AMHLIhlbK bLb I KUNIU bIKU (bHbAKbK I YHb) 



Arrange the blocks as shown. Turn on the power switch, and you 
hear a sound like birds chirping. The resistor and the charging 
and discharging of the capacitor create the frequency oscillation 
that makes the sound. 

Turn off the power switch when you finish the experiment. 


circuit 


blocks 



70 







NO. sa: ONb- 1 KANbIb I OK + lU AMHLIUbK bLbO I KONIO bIKbN (bHbAKbK I YHb) 


This experiment operates on the same principie as Experiment 
No. 32, but it does not require an earphone because the circuit 
connects to the iC ampiifier. 


Arrange the electronic blocks as shown. Turn on the power 
switch, and press the key switch on the big block. The speaker 
makes a sound like a siren. 

Turn off the power switch when you finish the experiment. 


circuit 


biocks 
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NU. bU: UNb- 1 KANbIb I UK + lU AMHLIhlbK hKbUUbNUY UUUbLINU UIKUUI I 


The device you create in this experiment changes the sound of 
your voice using the rectifying function of a diode. The circuit, 
which is made up of a transistor and an 1C amplifier, doubles 
the frequency of the incoming signal. 


Arrange the blocks and attach the earphone as shown. Turn on 
the power switch and speak into the earphone. Your voice comes 
from the speaker, but it sounds different. 

Turn off the power switch when you finish the experiment. 


circuit 


blocks 
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bbLh IbbI 


Now that you have experimented with electrical circuits, take this self test to see what you have learned. If you are sure that you understand how the 
different components/blocks function in a circuit, use the “Notes” page at the end of this manual to draw your own circuit diagrams for more experi- 
ments using the kit. But be careful! Making the wrong connections could damage the blocks. 

If you want to learn more about electricity and electronics, your local library has a variety of books that explain concepts in more detail, and they can 
also help you to build more sophisticated electrical projects. 

Note: The answers for your test are on Page 75 (no peeking ahead!). When you finish taking the test, check your answers. Give yourself five points 
for each question you answer correctly. The grading scale is: 

90- 100 Excellent © © 

80 - 89 Very Good @ 

70 - 79 Fair Q 

Below 70 Study and Try Again © 

1 . Everything electronic operates because of a tiny particle called the . 

2. An electronic device that amplifies or increases the strength of a voltage or current is called a(n) G_ . 

3. A transistor consists of 3 parts: the , , and . 

4. A wound spiral of insulated wire within a circuit that creates an electromagnetic field is called a(n) . 

5. An electric circuit element that is used to temporarily store a charge is a(n) . 

6. A device that restricts the flow of an electric current to only one direction is a(n) . 

7. The equation that describes the relationship between voltage, current, and resistance in a circuit is called Law. 

8. A(n) is two coils that share the same magnetic field. 

9. The yellow wire that comes with the kit is used as a(n) in radio experiments. 
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10. The higher the value of the resistor, the: (A) more or (B) less current is allowed to flow through the circuit. 

11. A circuit that performs both high and low frequency amplification is called a(n) circuit. 

12. The kit’s tuning dial acts as a(n) capacitor. 

13. A(n) is a substance that allows electricity to travel through it while a(n) does not. 

14. An important function of a(n) is to match the impedance of a circuit to a speaker. 

15. are solutions (such as salt water) that contain many ions. 

16. A(n) is an electronic device used to tell whether or not a person is telling the truth. 

17. Which connection supplies an increased voltage: a series circuit or a parallel circuit? 

18. Marconi invented: (A) the telephone (B) the computer (C) the wireless telegraph or (D) the television. 

19. The kit contains a built-in , which is a small chip that consists of many individual transistors, resistors, and diodes. 

20. Anything that creates a wave form (such as sound) is a(n) . 
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IbbI ANbWbKb 


1. electron 

2. amplifier 

3. base, collector, emitter 

4. coil 

5. capacitor 

6. diode 

7. Ohm’s 

8. transformer 

9. antenna 

10. (B) less 

11. reflex 

12. variable 

13. conductor and non-conductor (or insulator) 

14. transformer 

15. electrolytes 

16. polygraph (or lie detector) 

17. series circuit 

18. (C) the wireless telegraph 

19. 1C amplifier 

20. oscillator 
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RADIO SHACK LIMITED WARRANTY 

This product is warranted against defects for 90 days from date of purchase from 
Radio Shack company-owned stores and authorized Radio Shack franchisees and 
dealers. Within this period, we will repair it without charge for parts and labor. Simply 
bring your Radio Shack saies siip as proof of purchase date to any Radio Shack 
store. Warranty does not cover transportation costs. Nor does it cover a product 
subjected to misuse or accidental damage. 

EXCEPT AS PROVIDED HEREIN, RADIO SHACK MAKES NO EXPRESS WAR- 
RANTIES AND ANY IMPLIED WARRANTIES ARE LIMITED IN DURATION TO 
THE DURATION OF THE WRITTEN LIMITED WARRANTIES CONTAINED 
HEREIN. Some states do not permit limitation or exclusion of implied warranties; 
therefore, the aforesaid limitation(s) or exclusion(s) may not apply to the purchaser. 

This warranty gives you specific iegai rights and you may aiso have other rights which vary from state to 
state. 
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